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A METHOD FOR PRODUCING A FERROELECTRIC CAPACITOR AND A 
FERROELECTRIC CAPACITOR DEVICE 

Field of the Invention 

The present invention relates to methods for producing a ferroelectric 
capacitor, and a ferroelectric capacitor device, in particular, a reduced height 
ferroelectric capacitor device. 

Bacl<around of the Invention 

A conventional ferroelectric capacitor includes one or more ferroelectric layers 
sandwiched between a bottom electrode and a top electrode. The 
ferroelectric layer(s) may include, for example, PZT, SBT or BLT. The 
capacitor Is covered with one or more interiayer dielectric layers, nornialiy 
Tetraethyi Orthosiiicate (TEGS), and connection to the top electrode is 
achieved by etching a window through the interiayer dielectric iayer(s) and 
filling the window with a metal filler. The bottom electrode Is mounted on a 
substrate, the electrical connection to the bottom electrode being via a metal 
plug through the substrate. To make the connection between the bottom 
electrode and the plug, a window Is formed through the interiayer dielectric 
Iayer(s), through the other layers of the capacitor and into the plug. A liner is 
formed in this window and a metal filler is deposited in the bottorn of the 
window to make the contact between the bottom electrode and the plug. The 
liner and the metal filler are etched to leave just the contact to the plug. 
Encapsulation layers and cover layers are . added to protect the resultant 
capacitor. 

In the production of conventional capacitors it is known to etch the top and 
bottom electrodes in separate processes, and, in each case, a hardmask is 
used to define th etch pattern. Normally, aft r etching, the remainder of the 
hardmask is left in situ and further layers are deposited over the remnants of 
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the hardmask, as required, and these remnants and layers are incorporated 
into the final device. This Increases the height of the resultant capacitor 
device, 

A number of problems may arise due to the typical height of conventional 
ferroelectric capacitors (around 17600 Angstroms (A), about one third of 
which Is due to the presence of the hardmask layers). For example, the 
typical aspect ratio between the length of the window to the bottom electrode 
and the width of the window (typically 4:1) makes it difficult to deposit a liner 
(of, for example, VO) therein. Furthermore, due to the height of conventional 
capacitors, It Is difficult to include a number of such capacitors in a device 
where space is limited. 

In view of the foregoing problems with conventional processes and devices, a 
need exists for an easily applied method for producing capacitors of less than 
conventional height without reducing production yield or compromising 
performance. 

Summarv of the Invention 

In general terms, the present invention proposes that the remnants of 
hardmask remaining after completion of the etching of the top and bottom 
electrodes be removed to reduce significantly the height of the completed 
device, for example to around 9800 Angstroms. This is considered particularly 
advantageous as it permits a reduction In the height of the device without 
compromising performance of the device. 

Furthermore, the aspect ratio between the length of the window to the bottom 
electrode and the width of the window (typically 4:1 in conventional devices) 
may b reduced in devic s according to the present invention, down to a ratio 
of less than 3:1, enabling easier insertion of the contact liner into the window 
and facilitating TIN deposition into the lined window. 
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According to a first aspect of the present invention there is provided a method 
for fabricating a device having a substrate, a contact plug through the 
substrate, a first barrier layer on said substrate, a first electrode on said first 
barrier layer, a dielectric layer on said first electrode, and a second electrode 
on said dielectric layer, the method comprising the steps of: 

forming a first hardmask over the second eleptrode; 

i 
I 

etching said second electrode and said dielectric layer of said device, 
using said first hardmask to shape said second electrode and said dielectric 
layer; j 

removing said first hardmask; i . 

. . ! • 

applying one or more encapsulating layers! to said second electrode 

and said dielectric layer; 

applying a second hardmask to said one or n^ore encapsulating layers; 

etching said first electrode according to said second hardmask down to 
said first barrier layer; and 

removing said second hardmask from said one or more encapsulating 

layers. 

According to a second aspect of the present invention there is provided a 
device comprising: 

a substrate; 

a contact plug passing through said substrate; 
a first barrier layer formed on said substrate; 



a first electrode formed on said first bam'er layen 



4 



a dielectric layer formed on said first electrode; 

a second electrode formed on said ferroelectric layer; 

a first encapsulation layer formed directly on said second 
electrode; 

one or more furtiier encapsulation layers formed directly on said 
first encapsulation layer, said one or more further encapsulation layers 
extending to said first electrode to protect side faces of said dielectric 
layer; 

one or more cover layers formed on said one or more further ' 
encapsulation layers. 

According to a third aspect of the present invention there is provided a 
ferroelectric capacitor device comprising the device defiried above- 
According to a fourth aspect of the present invention there is provided a 
device fonried according to the method defined above. 

According to a fifth aspect of the present invention there is provided a 
Random Access Memory device comprising one or more devices defined 
above. 

Brief Description of the Figures 

Preferred features of the invention will now be described, for the sake of 
illustration only, with reference to the following Figures In which: 

Figure 1a is a scheniatic cross-sectional view of a capacitor In a first stage of 
formation according to an embodiment of the present invention; 

Figure 1b is a schematic cross-sectional view of a capacitor in a second stage 
of formation according to an embodiment of the present invention; 



5 



Figure 1c is a schematic cross-sectional view of a capacrtor in a third stage of 
formation according to an embodiment of the present invention; 

Figure 2a fs a schematic cross-sectional view of a capacitor in a fourth stage 
of formation according to an embodiment of the present invention; 

Figure 2b is a schematic croiss-sectiondl view of a capacitor in a fifth stage of 
formation according to an embodiment of the present invention; 

Figure 2c is a schematic cross-sectional view of a capacitor in a sixth stage of 
formation according to an embodiment of the present invention; and 

Figures 3a and 3b show, respectively, scheniatic cross-sectional views of a 
capacitor according to the invention in the seventh stage of completion, and a 
prior art capacrtor prior to completion needing only the windows and electrode 
connections to bei added, the prior art capacitor of Figure 3b being at the 
equivalent stage of completion as the capacitor according to the present 
invention shown in Figure 3a. 

Detailed Description of Preferred Embodiments 

Figures 1a to 3d show the various processing stages of a device such as a 
fenroelectric capacitor, according to a preferred embodiment of the present 
invention. 

A ferroelectric capacitor 1, such as that shown in Figure la, consists of a 
bottom electrode 2 mounted on a substrate 4, and a metal plug 6 is formed 
which exterids through the substrate 4 to establish electrical connection to the 
bottom electrode 2 via the metal plug 6. A first banier layer 8 is deposited on 
the surface of the substrate 4 and a second banier layer 10 is deposited on 
the first barrier layer 8. The barrier layers 8, 10 are composed of electrically 
conducting material. 
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The bottom electrode 2 is deposited on the second barrier layer 10. A layer 
12 of, for example, titanium (Ti) or an oxygen electrode, for example SrRuOa 
(SRO), Is applied on the surface of the bottom electrode 2. The layer 12 Is 
effectively an upper part of the bottom electrode 2. The top electrode 16 
(which may be formed of platinum (Pt)) is deposited on the fen^oelectric layer 
14. A number of encapsulation layers 18, 20, for example two layers as 
shown In Figure 1a, are deposited over the top electrode 16. A hardmask 22 
of, for example, Tetraethyl Orthosilicate (TEOS), is deposited over the 
encapsulation layers 18, 20. The hardmask 22 is then patterned. 

Figure lb shows the next stage in the production process which Involves an 
RIE (reactive ion etch) of the encapsulation layers 18, 20, the top electrode 16 
and the layer of ferrorelectric material 14, according to the hardmask 22, to 
divide the material into separate capacitors 24, 26, having a common bottom 
electrode 2. The capacitors 24, 26 are separated by a window 28. 

Figure 1c shows the next stage in the production process in which the 
hardmask 22 applied over the encapsulation layers 18, 20 is dry etched in a 
process which has a high etching selectivity of TEOS compared to, for 
example, SRO or R. This dry etch thereby attacks the hardmask 22 (TEOS 
layer) more rapidly than the other layers, such as the layer 12, or the top 
electrode 16. In a preferred emt>odlment, the device may then be annealed. 

Figure 2a shows the fourth stage in the process. A number of layers, for 
example two layers 29 and 30, of encapsulation are then applied over the two 
capacitors 24, 26. 

Figure 2b shows the fifth stage In the process in which a bottom electrode 
hardmask 32 Is applied over the encapsulation layers 29, 30. The mask 
pattem is then lithographed onto the hardmask 32. An RIE (reactive ion etch) 
is applied to the device 1 to shape the bottom electrode 2 to the mask pattern, 
the RIE stopping at the first barrier layer 8. 
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Figure 2c shows the sixth stage in the process. Using a further process, such 
as a dry etching process of the type described above, the bottom electrode 
harclmask 32 Is removed from the surface of the capacitors 24, 26 leaving 
residual hardmask material 32 in the window 28 between the two capacitors 
24, 26. The first barrier layer 8 is then etched through to the substrate 4, to 
define the shape of the first banier layer 8. A number of cover layers 34, 36 
(for example two layers as shown in Figure 2c) are deposited over both 
individual capacitors 24, 26 extending from the substrate 4 to cover the 
encapsulation layers 29, 30. 

Figure 3a shows the seventh stage in the process in which an interlayer 
dielectric layer 38 is deposited over the cover layers 34, 3.6. 

The device is now ready for contact windows (not shown) for the top 
electrodes 16 of each capacitor 24, 26 to be formed through the Interiayer 
dielectric 38, the cover layers 34 and 36. the encapsulation layers 29, 30, 18, 
20 and into the top electrodes 16. These contact windows will then be filled 
with a contact metal to form a contact between the respective top electrode 16 
and an interdevice connection layer laid on the surface of the Interiayer 
dielectric layer 38, using conventional methods. Simllariy, a window (not 
shown) will be cut to the plug 6 which will be lined with a liner and a metal 
filler Inserted Into the lined window to establish electrical contact between the 
bottom electrode 2 and the plug 6. The liner and the filler will then be etched 
back to leave Just the metal contact between the bottom electrode 4 and the 
plug 6. 

Figure 3b shows a conventional device made using a conventional process, 
for comparison. The types of layers of the conventional device which 
correspond to the types of layers In the device according to the present 
invention have been given the same reference numerals as those in Figures 1 
to 3a. From a comparison of Figures 3a and 3b, it will be seen that the height 
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of the device produced according to the present invention, as shown in Figure 
3a, is approximately fifty-five percent of the height of the device produced 
using conventional methods, as illustrated in Figure 3b. Conventional devices 
such as those shown in Figure 3b typically have a height of around 17600 
Angstroms which may be reduced to around 9800 Angstroms in devices 
according to the present Invention. Other typical devices may have a height 
of around 8200 Angstroms, which may be reduced to around 5400 Angstroms 
in devices according to the present invention. 

Also, the aspect ratio between the length of the window to the bottom 
electrode and the width of the window (typically 4:1 in conventional devices) 
may thereby be reduced in devices according to the present invention, down 
to a ratio of less than 3:1 , enabling easier insertion of the contact liner into the 
window and facilitating TIN deposition into the lined window. 

Thus, it will be seen that the present invention is particulariy advantageous 
over conventional processes and devices as it is easily applied and enables 
the production of a device which is of significantly reduced height compared to 
devices produced using conventional methods which enables more devices 
emt>odylng the invention to be used in systems where space is limited, 
furthemiore, It Is believed that BEOL damage which occurs using 
conventional processes will be reduced or suppressed in embodiments of the 
present invention. 

The systems and methods according to the present invention may be 
particularly useful in the production of devices for use, for example, as 
ferroelectric random access memories. 

Various modifications to the embodiments of the present invention described 
above may be made. For example, other materials and method steps can be 
added or substituted for those above. Thus, although the invention has been 
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described above using particular embodiments, many variations are possible 
within the scope of the claims, as will be clear to the skilled reader, without 
departing from the spirit and scope of the invention. 



